Abstract: Fusarium oxysporum f. sp. psidii and F. solani, causal agents of wilt in guava are highly variable pathogens. This study was conducted on cultural and physiological (temperature and pH) characters. The data revealed that maximum mycelial growth was obtained in potato dextrose agar as semi-solid media i.e. 78.00 mm for F. oxysporum f. sp. psidii; 73. 83 mm for F. solani, while malt extract broth as liquid broth media i.e. 1 385 mg mycelia for F. oxysporum f. sp. psidii; 1491 mg for F. solani. Maximum sporulation was recorded in oatmeal agar and mycological broth. The optimum temperature and pH for growth of both Fusarium spp. isolates was 28°C and 5.5. The isolates differed in their colony growth; mycelial mass, macro-conidia, and micro-conidia produced. These variations were characters of each of the isolates with respect to cultural and physiological characters.
INTRODUCTION
Guava (Psidium guajava L.) is an important fruit crop in subtropical countries. In India, it is grown almost in all the states. Wilt is the most destructive disease of guava and causes a 5-60 per cent loss (Misra 2006) in guava production in India. Although various pathogens are encountered to cause guava wilt, two species of Fusarium (F. oxysporum f. sp. psidii and F. solani) are widely reported (Prasad et al. 1952; Edward 1960; Chattopadhyaya and Bhattachariya 1968) . Reports reveal wide variations in cultural and morphological characteristic of different isolates of Fusarium oxysporum f. sp. psidii and F. solani. There is variation in the different isolates of F. oxysporum f. sp. psidii and F. solani, when tested in vitro against different cultural and physiological parameters (Chattopadhyay and Sengupta 1955; Dwivedi and Dwivedi 1999) . Booth (1977) reported potato dextrose agar, potato sucrose agar and oatmeal agar as good media for the growth of F. oxysporum and F. solani. Bilay's medium modified by Joffe was better for sporulation. Armstrong's Fusarium medium was good for increasing the inoculum potential of Fusarium species. Paulkar and Raut (2004) studied variability among F. oxysporum f. sp. ciceri isolates on five media viz. Ashby's medium; Asthana and Hawker's medium; Czapek's medium; Krichoff's agar medium, Potato dextrose agar medium and Richard's agar medium and observed that potato dextrose agar supports maximum growth, while poor growth was in Krichoff's agar. Several species of Fusarium have been reported to grow and sporulate in pH ranges of 5.0 to 6.0 (Cochrane 1958) . Agarwal and Sarbhoy (1978) reported acidic pH favouring growth of all Fusarium spp. F. oxysporum and F. solani grew best at pH 4.5 and 6.0 while F. graminearum and F. equiseti at pH 3.5 and 6.5, respectively. Farkya et al. (1996) observed maximum growth and sporulation of F. solani at 5.5 pH. The fungus could grow and sporulate under a wide range of pH from 4.0 to 8.0. However, pH 6.5 and 7.0 proved optimum for growth and sporulation of the fungus F. solani (Chauhan 1997) . Pandav (2002) found pH 5.5 to 7.0 optimum for the growth and sporulation of F. solani. Ahamad et al. (2002) grew Gibberella fujikuroi and observed that excellent growth and sporulation took place at 30°C followed by 25°, 20° and 35°C. Moderate sporulation was recorded at 25° and 35°C. Also, Sharma et al. (2005) studied the effect of temperature on the growth and sporulation of F. oxysporum f. sp. lini.
Hence, considering the importance of variability in Fusarium spp., the present study was undertaken to evaluate the cultural and physiological parameters of guava wilt pathogens viz. F. oxysporum f. sp. psidii and F. solani representing different agro-ecological regions of India.
MATERIALS AND METHODS

Isolation of pathogens
A total of ten selected representative isolates of Fusarium sp. (5 isolates each of F. oxysporum f. sp. psidii and F. solani) isolated from wilted guava roots from different guava growing areas of India were used in the present study. Five isolates of F. oxysporum f. sp. psidii F10, F18, F24, F30, and F38 were collected from Chandigarh, Ranchi, Kanpur, Unnao and Rewa respectively. Five isolates of F. solani F2, F12, F15, F20, and F29 were collected from West Bengal, Chandigarh, Ajmer, Puskar and Unnao, respectively (Table 1) . These isolates were isolated on potato dextrose agar (PDA, Hi-Media, India) and incubated at 28±1°C for 6 days. The morphological and cultural characterizations of the cultures grown on PDA were studied and compared with those mentioned by Booth (1971) . The reference pure culture of the fungus was also sent to Indian Type Culture Collection (ITCC), Division of Mycology and Plant Pathology, I.A.R.I. (Indian Agricultural Research Institute), New Delhi-110 012, India, for identification of F. solani [ITCC No. 5208 (F20) and 5212 (F15)]. F. oxysporum f. sp. psidii [MTCC No. 3326 (F24) and 3327 (F30)] was sent for identification to the Microbial Type Culture Collection, IMTECH, Chandigarh, India. These identified cultures were used as reference cultures and thus, Fusarium sp. in the study were identified and confirmed. Pure cultures of the isolates were maintained on PDA slants under controlled temperature (Table 1) . Pathogenicity of these isolates was also confirmed in a separate study (Misra and Gupta 2010) .
Radial growth and sporulation studies of Fusarium sp. isolates in semi solid medium
In this study, five solid media viz. Potato Dextrose Agar (PDA), Czapek's Dox Agar medium (CDA), Corn Meal Agar medium (CMA), Cooke's Rose Bengal Agar medium (CRBA) and Oatmeal Agar medium (OA) were used. All the media were prepared according to the manufacturer instructions (HiMedia, India). Each Petri dish was poured with 20 ml sterilized medium for solidification. Equal discs of a 5 mm in diameter of each test isolate [5 isolates each of F. oxysporum f. sp. psidii (Fop) and F. solani (Fs)] grown from the 7-day-old pre-cultured Petri dishes on potato dextrose agar, were taken out with the help of a cork borer and placed at the centre of each set of Petri dishes containing different medium. After inoculation, Petri dishes were incubated at 28±2°C. The diameter of the each of the test isolates was recorded in millimeters in two directions at right angles to each other, and then average colony diameter in millimeters was calculated and recorded. Measurement of growth was made at the interval of 24 hours, till the full expansion of growth. Studies of sporulation on different solid media used, was also undertaken. A five mm disc of the culture was cut from the near center portion of the plate and put in sterilized water (10 ml) and shaken well, so that the spores were dislodged. One drop of this spore suspension was placed on a haemocytometer and the number of spores in 5 squares at random, were counted. The number of spores per ml was calculated with a haemocytometer, using the formula given by Pathak (1984): where: N = Total No. of spores counted/No. of squares, X = Volume of mounting solution between the cover glass and above the squares counted.
Mycelial growth and sporulation studies of Fusarium sp. isolates in liquid broth medium
For conducting this study, five broth media viz. Potato Dextrose Broth medium (PDB), Czapek's Dox Broth medium (CDB), Malt Extract Broth medium (MEB), Mycological Broth medium (MB) and Oatmeal Broth medium (OB) were used. All the media were prepared using the standard method. One hundred fifty sterilized 250 ml conical flask were taken. Each flask had 100 ml sterilized medium poured into it. Equal discs measuring 5 mm in diameter of each test isolate (5 isolates each of Fop and Fs) grown from the 7-day-old pre-cultured Petri dishes on Potato Dextrose Agar, were taken out with the help of a cork borer and placed in each set conical flask containing different medium. After inoculation, flasks were incubated at 28±2°C for seven days and were shaken twice every day. Mycelial growth of each of the test isolates was harvested in preweighed moistureless whatmen filter paper No. 42, oven dried at 60°C and weighed again to record mycelial growth in milligrams. Studies of sporulation on different liquid media used, was also undertaken.
Effect of temperature on growth and sporulation of Fusarium sp. isolates
The observations on the colony growth of ten isolates of Fusarium sp. were determined at 10, 16, 22, 28, 34 and 40±1°C. Twenty ml of PDA were poured in all 240 plates (10 isolates, six temperatures, 4 replicate) and used for different temperature studies. Mycelial discs of 5 mm in diameter were transferred from the margins of the 7 day old growing colony of each test isolate (5 isolates each of Fop and Fs) to the centre of each PDA plate. Each treatment was replicated four times. Observations on colony growth in diameter were recorded on the seventh day after inoculations. Studies of sporulation at different temperatures were also undertaken as per above mentioned method.
Effect of pH on growth and sporulation of Fusarium sp. isolates
Mycelial growth of the ten isolates of Fusarium sp. (5 isolates each of F. oxysporum f. sp. psidii and 5 isolates each of F. solani) were studied at 8 pH level 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8. In all 320, 250 ml conical flask (10 isolates, 8 pH, 4 replicates) were poured with 100 ml PDB. The desired pH levels of PDB medium were maintained by adding the required amount of buffer 0.1 N Citric acid or 0.1 N NaOH with the help of a digital pH meter. Then medium was sterilized in autoclave at 120°C for 15 min. A five mm mycelial disc was transferred from the margin of the 7-day-old growing colony, to the flask with PDB. Mycelium harvested after seven days were measured according to the above mentioned method. Studies of sporulation on different pH were also undertaken according to the above mentioned method. 
RESULTS AND DISCUSSION
There were five representative isolates of F. solani (F2, F12, F15, F20, F29) and 5 of F. oxysporum f. sp. psidii (F10, F18, F24, F30, F38). The results on colony/cultural characters, growth and sporulation of the fungus are presented in tables 2, 3, 4, 5.
Effect of semi solid media
Five solid media (PDA, CDA, CMA, CRBA and OA) were used for the cultural studies. The data revealed that maximum mycelial growth was obtained in PDA (78.00 mm for F. oxysporum f. sp. psidii; 73. 83 mm for F. solani ) followed by CMA (72.50 mm for F. oxysporum f. sp. psidii; 70.38 mm for F. solani) among all solid media tested during the experiment. It was clearly indicated that F. oxysporum f. sp. psidii is a faster growing pathogen of guava wilt than F. solani and potato dextrose agar was best for the growth of the Fusarium spp. isolates among the semi solid media. Colony colour had a cottony white range of colour. Variable colony character was designated as ideal colony character. Metabolite colour ranged from yellowish to no colour for both F. oxysporum f. sp. psidii and F. solani. An ideal colony growth pattern (i.e. cottony white) of F. oxysporum f. sp. psidii isolates was recorded when they were grown on CDA while. F. solani isolates when grown on CRBA media showed a cottony pinkish type growth. Both F. oxysporum f. sp. psidii and F. solani isolates produces no metabolite colour when grown on CMA media (Table 2) .
Excellent sporulation was recorded in OA media (4.0X10 5 per ml for macro-conidia for F. oxysporum f. sp. psidii; 3.9X10 5 per ml for macro-conidia for F. solani and 2.8X10 5 per ml for micro-conidia for F. oxysporum f. sp. psidii; 2.2X10 5 per ml for micro-conidia for F. solani) followed by CMA (3.6X10 5 per ml for macro-conidia for F. oxysporum f. sp. psidii; 3.4X10 5 per ml for macro-conidia for F. solani and 2.4X10 5 per ml for micro-conidia for F. oxysporum f. sp. psidii; 2.0X10 5 per ml for micro-conidia for F. solani).
Effect of liquid broth media
Five liquid broth medias viz. PDB, CDB, MB, MEB and OB were tested for quantification of sporulation (macroconidia), and dry wt. of mycelial mass produced were recorded (mg/100ml). The results revealed that among the liquid media tested, maximum mycelial growth was obtained in MEB (1 385 mg for F. oxysporum f. sp. psidii; 1 491 mg for F. solani) followed PDB (1 160 mg for F. oxysporum f. sp. psidii; 1225 mg for F. solani). These results were optimized by production of mycelial mass in mg per 100 ml media. Which obviously indicates that F. solani is a faster growing pathogen than F. oxysporum f. sp. psidii, when they were cultured on liquid media. This is contrary to the results obtained when using semi-solid media. F. oxysporum f. sp. psidii is a faster growing pathogen of guava wilt than F. solani. when cultured on semi-solid media. Among the liquid media, malt extract broth was the best for the growth of Fusarium spp. isolates (Table 3) .
Excellent sporulation was recorded in MB media (4.5X10 5 per ml for macro-conidia for F. oxysporum f. sp. 
Effect of pH level
Mycelia growth of five isolates each of F. oxysporum f. sp. psidii and F. solani were studied at 8 pH level 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.
The data revealed that the pH level significantly differentiates the mycelia growth. The maximum growth was recorded when the pH was at the level of 5.5 (1208 mg for F. oxysporum f. sp. psidii; 1275 mg for F. solani) followed by a pH of 5.0 (956 mg for F. oxysporum f. sp. psidii; 1083 mg for F. solani) and then a pH of 6.0 (952 mg for F. oxysporum f. sp. psidii; 958 mm for F. solani) ( Table 4) .
Maximum sporulation of F. oxysporum f. sp. psidii isolates was recoded at a pH of 6.5 for (4.4x10 5 per ml for macro-conidia for F. oxysporum f. sp. psidii; 4.8x10 5 per ml for macro-conidia for F. solani and 2.8x10 5 per ml for micro-conidia for F. oxysporum f. sp. psidii; 2.9x0 5 per ml for micro-conidia for F. solani) followed by a pH of 6.0 (3.8x10 5 per ml for macro-conidia for both of F. oxysporum f. sp. psidii and F. solani; 2.4x10 5 per ml for micro-conidia for F. oxysporum f. sp. psidii; 2.5x10 5 per ml for micro-conidia for F. solani).
Effect of temperature
Colony growth of 5 isolates of each isolate of F. oxysporum f. sp. psidii and F. solani was studied at six different temperature viz. 10°, 16°, 22°, 28°, 34°, and 40°C. The data indicate that radial growth at six temperature levels was maximum when the temperature was 28°C (72.50 mm for both F. oxysporum f. sp. psidii and F. solani) followed by a temperature at 34°C (66.5 mm for F. oxysporum f. sp. psidii; 69.5 mm for F. solani) ( Table 5) .
Optimum sporulation was recorded at the temperature level of 34°C (3.6x10 5 per ml for macro-conidia for F. oxysporum f. sp. psidii; 3.9x10 5 per ml for macro-conidia for F. solani and 2.6x10 5 per ml for micro-conidia for F. oxysporum f. sp. psidii; 2.8x10 5 per ml for micro-conidia for F. solani ) followed by a temperature at 40°C temperature (3.2x10 5 per ml for macro-conidia for F. oxysporum f. sp. psidii; 3.3x10 5 per ml for macro-conidia for F. solani and 2.2x10 5 per ml for micro-conidia for both F. oxysporum f. sp. psidii and F. solani ).
Among the semi solid media, PDA was best for the growth of the Fusarium spp. isolates. The data revealed that maximum radial growth was 78.00 mm for F. oxysporum f. sp. psidii followed 73. 83 mm for F. solani which indicates that F. oxysporum f. sp. psidii is faster growing than F. solani. Colony colour ranged from cottony white to variable colony character, and metabolite colour from yellowish to no colour for both F. oxysporum f. sp. psidii and F. solani. An ideal colony growth pattern (i.e. cottony white) of F. oxysporum f. sp. psidii isolates was recorded when they were grown on CDA. The F. solani isolates when grown on CRBA media had a pinkish cottony type The present results confirm the reports of earlier workers doing their physiological studies related to suitable media for growth and sporulation of Fusarium spp. (Kulkarni 2006; Chittem and Kulkarni 2008) .
F. oxysporum f. sp. psidii and F. solani put maximum dry mycelial weight on malt extract broth which was significantly superior to all the media tested. This was followed by PDB. Excellent sporulation was recorded in MB media followed by PDB. These results are somewhat similar to the results obtained by Kulkarni (2006) who found that, the maximum dry mycelial weight of fungus was obtained in potato dextrose broth.
Cultural studies of F. oxysporum f. sp. dianthi on solid media indicated that, the radial growth was maximum on potato dextrose agar which was significantly superior over all other media viz. Czapek's Dox Agar, Malt Extract Agar, Oatmeal Agar and Rose Bengal Agar. Profused sporulation was observed in the case of Oatmeal Agar (Chittem and Kukarni 2008) .
The results revealed that a suitable pH for maximum mycelial mass production was 5.5 followed by 5.0 for both species of F. oxysporum f. sp. psidii and F. solani isolates. While maximum sporulation for F. oxysporum f. sp. psidii and F. solani was obtained at a pH of 6.5 followed by a pH of 6.0. Hence, it is clearly indicated that the tested Fusarium spp. favoured acidic pH for its growth and sporulation. Ahamad et al. (2002) grew G. fujikuroi in broth medium at 4 different pH and observed excellent growth and sporulation at a pH of 5. Many reports also support our presented data (Farkya et al.1996; Chauhan 1997) . Sharma et al. (2005) studied the effect of pH on the growth and sporulation of F. oxysporum f. sp. lini and reported that tested Fusarium spp. could sporulate and grew well at 5.5 pH.
Radial growth was maximum at a temperature of 28°C (72.50 mm for both F. oxysporum f. sp. psidii and F. solani) followed by a temperature of 34°C (66.5 mm for F. oxysporum f. sp. psidii; 69.5 mm for F. solani). Optimum sporulation was recorded at a temperature of 34°C followed by 40°C. Therefore, optimum temperature for the best growth was 28°C, which was close to room temperature, however moderate growth and sporulation was recorded at 34°C because it showed maximum colony growth next to a temperature of 28°C and highest in conidia production. Desai et al. (2003) reported that F. oxysporum f. sp. ricini showed maximum growth and sporulation at 27±2°C on PDA. Daami-Remadi et al. (2006) observed that thermal optimum of 25 and 30°C was suitable for maximum mycelial growth of F. oxysporum f. sp. tuberose, whereas, for that of F. solani it was at 30°C. Therefore, It is clear that temperature near 25-35°C favored the growth and sporulation of Fusarium which is supported by the results of other workers (Boughalleb 2001; Daami-Remadi et al. 2004) and confirmed the results of our present investigation.
